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ABSTRACT
Background and aims: Poor nutritional habits are linked to higher perceived stress,
but the relationship between fruit and vegetable (FV) intake and stress is uncertain.
The primary aim of this cross-sectional study was to explore the relationship
between FV intake and perceived stress in a population-based cohort of men and
women aged ≥25 years from the Australian Diabetes, Obesity and Lifestyle
(AusDiab) Study. A secondary aim was to investigate the relationship between
serum carotenoids, biomarkers of FV intake, and perceived stress.
Methods: In Australian men and women, dietary intake was assessed using a Food
Frequency Questionnaire in 1999-2000 (n=8,689). Perceived stress was assessed
using a validated Perceived Stress Questionnaire [PSQ index values ranging from 0
(lowest) to 1 (highest)]. Serum carotenoids were measured in a subset of
participants (n=1,187) using high-performance liquid chromatography. Multivariableadjusted linear and logistic regression were performed to investigate the
associations between FV intake and perceived stress.
Results: Mean age of participants was 47.4 (SD 14.1) years (49.8% females).
Participants with the highest intakes of FV had 10% lower PSQ index values than
those with the lowest intake [Q4: 0.27 ± 0.004 vs. Q1: 0.30 ± 0.004 (mean ± SE),
p=0.004]. Similar associations were found for fruits and vegetables, analysed
separately. In subgroup analyses higher FV intake was associated with lower
perceived stress in the middle-aged adults [≥45-<65 years (p=0.004)], but not in the
younger (<45 years) and older participants (≥65 years). Higher FV intake was also
significantly associated with lower perceived stress in men (p=0.009) and women
(p=0.012), separately. Serum carotenoid levels were inversely associated with
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perceived stress before, but not after adjusting for age and other confounding
factors.
Conclusion: In Australian adults, higher FV intake was associated with lower
perceived stress, particularly in the middle-aged adults. These findings support
current recommendations that fruit and vegetables are essential for health and wellbeing.
Keywords: AusDiab, Australian adults, perceived stress, fruit and vegetable intake,
healthy lifestyle, public health messages.
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INTRODUCTION
Stress is part of human’s life and can be considered normal to some extent (1).
However, long-term exposure to stress can impact mental health, and become an
important risk factor for mental disorders (1). A national survey reports 12% of
Australians experience levels of stress in the severe range, while 64% reported that
stress impact their mental health (2). Perceived stress is an individual’s feelings or
thoughts in relation to how much stress they are under at a given point in time or
over a given time period (3). Most people experience negative life events, however,
the impact of these events depend on factors such as personality, coping resources,
and support (4). Therefore, perceived stress reflects the interaction between an
individual and their environment, and strongly influences their well-being and mental
health (5).
Increasingly evidence has shown that improving diet quality (6, 7), such as
increasing intake of fruit and vegetable (FV), is beneficial for mental health (8). The
World Health Organisation recommends a minimum of 400g of FV per day as a
population-wide intake goal for the prevention of non-communicable diseases, and to
prevent and alleviate several micronutrient deficiencies (9-11). Many other
organisations and countries around the world also have similar recommendations for
FV intake (11, 12). Chronic systemic inflammation and oxidative stress have been
proposed as mechanisms linking low FV intake with mental health (13). Many
constituents in FV are essential for a healthy diet as they provide fibre, vitamins,
minerals and phytochemicals, which could be responsible for beneficial effects on
psychological wellbeing (14) and contribute to overall health benefits (15). FV intake
may reduce stress levels due to their bioactive nutrients and phytochemicals such as
vitamins C, E and K, the B-group vitamins, carotenoids, and phenolic compounds
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(16). Therefore, efforts to increase FV intake are regarded as a cornerstone of
dietary approaches to improve health (17).
Recent studies have shown that modifiable lifestyle factors, including a diet rich in
FV, have beneficial impact on mental health, such as depression (14, 18). The
findings from a 14-day randomised controlled trial in 171 young adults (18-25 years)
showed that providing fresh FV improved psychological well-being (19). However, to
date, few studies have explored the relationship between FV intake and perceived
stress. Observational studies (20-23) reported cross-sectional associations between
lower FV intakes with higher perceived stress among young students. However,
these studies did not include individuals of all ages.
The aims of this study were to first, explore the cross-sectional association between
FV intake and perceived stress, in a large sample of Australian adults aged 25-91
years; and second, to assess the association between biomarkers of FV and
perceived stress.

MATERIALS AND METHODS
Study population
Participants included in this study were women and men from the Australian
Diabetes, Obesity and Lifestyle Study (AusDiab). AusDiab is a national populationbased survey of Australian adults aged ≥25 years, recruited in 1999–2000
(AusDiab1). Methods and response rates have been described previously (24).
Briefly, 20,347 non-institutionalized Australian adults from 42 randomly selected
census collector districts across Australia completed a short household interview,
with 11,247 attending a biomedical examination (5,049 men; 6,198 women). We
excluded people who did not complete the food frequency questionnaire (FFQ)
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(n=207), and the perceived stress questionnaires (PSQ) (n=1,641) in 1999–2000.
We also excluded individuals with an implausible energy intake (<500 kcal and
>5,000 kcal) (n=76) (25), pregnant women (n=53), those on diet treatment (n=159),
and those with at least one missing value for confounding factors (n=422). After the
exclusions (n=2,558), data from 8,689 participants were available for the study
(Figure 1). We also explored the longitudinal relationship between perceived stress
and change in FV intake (from baseline to 5 years), in 5,031 individuals who had FV
intake at 5 years (2004-2005).
Perceived stress assessment
Perceived stress was assessed in 1999-2000 using the 30-item PSQ (26), a
validated instrument that evaluates the extent to which life situations are appraised
as stressful (3). The PSQ was used to measure participants’ feelings about the
general stressfulness of their life and their ability to deal with such stress, in the
previous 12 months. The 30-item PSQ included sentences such as “you feel rested”,
“you feel that too many demands are made on you”, and “you are irritable or
grouchy”, with response options ranging from 0 (“almost never”) to 4 (“usually”) on a
four-point Likert scale. All questions were scored from 0 to 4, except for 8 positive
questions (1, 7, 10, 13, 17, 21, 25, 29) which were reverse scored. The PSQ index
was derived from the raw scores, ranging from 30 to 120 (higher scores reflecting
elevated perceived stress), using the formula: PSQ index = (raw score – 30)/90, as
previously described (26).
Dietary intake
Dietary intake was assessed in 1999–2000 and 2004-2005 using a FFQ developed
by the Cancer Council of Victoria, Australia (27). Energy and nutrient intakes were
estimated based on frequency of consumption and an overall estimate of usual
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portion size. Daily energy intake (kcal/day) was estimated (27) taking into account
the 74 food items included in the FFQ and their frequency of consumption in the
previous 12 months. Alcohol intake was also estimated using the FFQ, which
included questions about consumption of alcoholic beverages (27). Frequency
responses for alcohol items ranged from ‘never’ to ‘every day’.
Serum Carotenoids
Levels of serum carotenoids (mmol/L) were measured in 1999-2000 and assayed
simultaneously according to the high performance liquid chromatography (HPLC)
procedure, as previously described (28). Serum carotenoid levels were assessed
only in a sub-sample of the total AusDiab population (n=1,597) from 6 randomly
selected cities and towns in Queensland, Australia (29). In the present study, after
excluding participants with missing data, 1,187 participants were included in the
analysis for levels of carotenoids. Intrabatch CVs for α-carotene, β-carotene, βcryptoxanthin and lutein/zeaxanthin were 13%, 9.6%, 8.7%, and 8.5%, respectively
(28).
Baseline demographic and clinical assessment
In 1999-2000, a household interview was used to collect demographic information
including age (date of birth), sex (men/women), relationship status (de facto,
married, separated, divorced, widowed, never married) and education level (never to
some high school, completed University or equivalent).
Anthropometric assessments (24, 30) included height, measured to the nearest 0.5
cm without shoes using a stadiometer; and weight, measured without shoes and
excess clothing to the nearest 0.1 kg using a mechanical beam balance (31). Body
mass index (BMI) was calculated as weight (kg) divided by height (squared metres).
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Total physical activity time (none, <150 min/w or ≥150 min/w) was estimated for the
previous week based on self-report information using the Active Australia Survey
Questionnaire (32) and calculated as described previously (33).
Smoking status was assessed using an interviewer-administered questionnaire
(General Questionnaire), as previously reported (24). Smoking was considered as:
either current smoker (smoking at least daily); ex-smoker (smoking less than daily for
at least the last three months); or never smoked (smoked <100 cigarettes during life)
(34).
Self-reported history of cardiovascular disease (yes/no) and prevalence of diabetes
(based on plasma glucose levels) were also assessed (35). These two variables
were included in the model with the assumption that those with a history of CVD and
diabetes might have received diet and lifestyle advice. As these are modifiable risk
factors, participants could have changed their dietary habits, compared to other
individuals not counselled for diet and lifestyle change.
Ethics statement
The study was approved by The Human Research Ethics Committees of the
International Diabetes Institute, Alfred Hospital; and by the International Diabetes
Institute ethics committee (Melbourne, Australia).
Statistical analysis
Cross-sectional analyses were performed using survey commands in Stata (Stata
Statistical Software: Release 15. College Station, TX: StataCorp LLC) (36). Baseline
demographic characteristics were assessed using two-way tables of association for
survey data for categorical variables and estimated weighted means and standard
deviations for survey data for continuous variables. Differences in perceived stress
among FV intake categories (according to quartiles) were tested using logistic
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regression commands in Stata for complex survey design, which adjusts the
regression estimates and standard errors for the sampling approach used in the
study and incorporate the stratification weights in order to provide population-level
estimates. The sampling strategy has been reported in detail previously (24). Linear
regression was used to investigate the associations between perceived stress at
baseline and change in FV intake (from baseline to 5 years). Two models of
adjustment were used: (1) unadjusted; and (2) multivariable-adjusted for age (years),
sex (men/women), BMI (kg/m2), energy intake (kcal/day), relationship status (de
facto, married, separated, divorced, widowed, never married), physical activity levels
(sedentary, insufficient, sufficient), level of education (never to some high school,
completed university or equivalent), SEIFA (socio-economical index for areas),
smoking status (current smoker, ex-smoker, non-smoker), self-reported history of
cardiovascular disease (yes/no), and diagnosis of diabetes based on plasma glucose
levels (known Diabetes Mellitus, impaired fasting glucose, impaired glucose
tolerance, new Diabetes Mellitus, and normal glucose levels). Interaction terms for
FV intake vs. age (FV*age) and sex (FV*sex) were assessed to investigate potential
effect modification for perceived stress in multivariable-adjusted models, with both
FV intake and perceived stress index entered as continuous variables. We also
performed subgroup analyses using linear regression stratifying by age groups [<45
years, ≥45-<65 years (middle-age) and ≥65 years (retirement age at the time of
recruitment)] and sex to further explore the relationship between FV intake and
perceived stress according to age groups and sex.
As the primary outcome was non-negative and positively skewed, generalised linear
models with a Gamma distribution and log-link were used to examine associations
with all exposures (continuous). To investigate potential non-linearity of the
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relationships, exposures (FV, fruit, and vegetable) were modelled using restricted
cubic splines. Associations are presented graphically using the ‘effects’ R package
(8). P-values for the overall effect of the exposure on the response and for a test of
non-linearity were obtained using likelihood ratio tests to compare appropriate
nested models. Statistical significance was set at p≤0.05 (two-tailed) for all tests.
Data Availability
The data that support the findings of this study are available from the Baker Heart
and Diabetes Institute, but restrictions apply to the availability of these data, which
were used under license for the current study, and so are not publicly available.
However, data described in the manuscript, codebook, and analytic code will be
made available upon request and approval of the AusDiab Steering Committee.
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RESULTS
Baseline characteristics of participants
Baseline characteristics of all 8,689 participants and by quartiles of FV intake are
presented in Table 1. Mean age of participants was 47.4 (SD 14.1) years, and
49.8% (4,755) were women. Those in the highest FV quartile (Q4) tended to be older
and were more likely to be considered sufficiently active compared to the lowest FV
quartiles.
Cross-sectional associations between FV intake and perceived stress (n=8,689)
The mean PSQ index value for all participants was 0.27 (SE 0.002). The relationship
of perceived stress by quartiles of FV intake is shown in Table 2. Those in the higher
intake quartile (Q4) had lower perceived stress before and after adjusting for
confounding factors, compared to the those in the lowest quartile of FV intake. FV
intake, combined and separately, was significantly associated with perceived stress,
in both unadjusted and multivariable-adjusted models (all p for non-linearity <0.001).
Figure 2 demonstrates the relationship of FV intake (g/day) with perceived stress
index after adjusting for all confounding factors.
We also performed subgroup analyses between FV intake and perceived stress
stratified by age [<45 years, ≥45-<65 years (middle-age) and ≥65 (retirement age at
the time of recruitment)] and sex (Supplemental Table 1). Higher FV intake was
associated with a lower perceived stress in the middle-aged adults [≥45-<65 years
(p=0.004)], but not in the younger (<45 years) and older age groups (≥65 years). FV
intake was associated with lower perceived stress in both men (p=0.009) and women
(p=0.012), separately. Using the formal statistical test, no interaction was found
between FV intake with age (pinteraction=0.255) or sex (pinteraction=0.983), for perceived
stress.
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In addition, we further investigated whether there was a relationship between
perceived stress and change in FV intake (from baseline to 5 years), to explore
whether this association could be bi-directional. Perceived stress was not associated
with change in FV over 5 years (p>0.05).

Carotenoids as biomarkers of FV intakes
Serum carotenoid levels were measured in 1,187 (14%) of the participants. FV
intake was positively correlated with total serum carotenoids (sum of α-carotene, βcarotene, lutein, and β-cryptoxanthin) levels (mmol/L) (r=0.328; p<0.001). FV intake
was also significantly (all p<0.001) correlated with carotenoid levels in the three
different age groups: <45 years (r=0.316), 45-65 years (r=0.313) and ≥65 years
(r=0.280).
The sum of carotenoids was associated with perceived stress in the unadjusted
model (p=0.002), but this relationship was attenuated in multivariable-adjusted
models (Supplemental Figure 1). The relationship between types of carotenoids
and perceived stress in both unadjusted and multivariable adjusted models is shown
in Supplemental Table 2.
We further investigated the relationship between FV intake (combined and
separately) and perceived stress restricted to those individuals with carotenoid levels
measured (n=1,187) at baseline (Supplementary figure 2). Results were similar to
the associations seen in the whole cohort. There was a non-linear association
between vegetable intake and perceived stress (p for non-linearity = 0.004; overall
p=0.001). FV intake and fruit intake were also associated with lower perceived stress
(overall p=0.016 and p=0.033, respectively). Although the relationship of FV and fruit
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intake with perceived stress appeared to be non-linear, the p value did not reach
statistical significance (p for non-linearity > 0.05).

DISCUSSION
In this cohort of Australian men and women, we observed that those in the highest
quartile of FV intake (>473 g/d) had lower perceived stress compared to those in the
lowest quartile (≤243 g/d). These associations were independent of dietary and
lifestyle risk factors, such as energy intake, physical activity and smoking. The
association between biomarkers of FV intake and perceived stress in the smaller
sub-sample of participants from Queensland was significant in the unadjusted
models but did not remain in multivariable-adjusted models.
A 2020 systematic review (39) reported that only five studies have examined the
relationship between FV intake and perceived stress. These were observational
studies in pregnant women (average 25.7 ± 5.5 years) (40), in 1,839 students
(average 20.6 ±2.3 y) from three European countries (20) and among 3,706
University students (average 24.9 ± 8.6 y) from the UK (21), 2,810 undergraduates
(range 16 to 30 y) from Egypt (22) and 2,579 students (average 20.4 y) over 7 cities
in China (23). Similar to our findings, those smaller studies of younger individuals
have found that lower intakes of FV were associated with higher levels of perceived
stress. There was a significantly negative association between higher intake of fruit,
salads, and cooked vegetables in UK young women and men, respectively, with
perceived stress (21). Lower FV intake was significantly associated with higher
perceived stress (β −0.12, p<0.05) in undergraduates from Egypt (22). Although
previous studies demonstrated an inverse association between FV intake and
perceived stress in young adults (up to 30 years old), in the present study the
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observed inverse association was stronger in middle-aged adults. However, less
than 7% of the men and women included in our study were below the age of 30
years. This makes comparison between studies difficult. We demonstrate for the first
time that FV intake was associated with lower levels of perceived stress across the
adult lifespan. Noteworthy, perceived stress is reported to decrease with age (1, 2),
but present in a similar nature between younger and older adults (3, 4).
Nevertheless, compared to younger adults, it has been proposed that healthy older
adults may present better coping strategies (5). Collectively, these finding suggest
FV intake is associated with perceived stress across the adult lifespan and hence
may be important for people of all ages.
A number of mechanisms have been suggested to support the relationship between
lower intakes of FV and higher perceived stress levels (46). Different constituents of
FV, such as antioxidants and polyphenols, may lower perceived stress. Previous
studies have demonstrated a link between increased oxidative stress and
psychological stress (47, 48). FV are rich in micronutrients and phytochemicals that
may help reduce oxidative stress and inflammation, potentially lessening
psychological stress. This concept is supported by the fact that antioxidants such as
vitamins C, E and polyphenols may help to reduce oxidative stress (49). In addition,
the health benefits provided by carotenoids present in FV (especially the red,
orange, yellow vegetables) seem to be due to their role as antioxidants (50, 51).
In subgroup analyses, lower intake of FV was associated with higher stress levels in
middle-aged (≥45-<65 years) men and women. This may be related to the different
stressors that occur during the different stages of life (i.e. financial, professional, and
family stressors in middle-aged adults versus social isolation stressors in older
adults). After stratifying by sex, our results also showed that both men and women,
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separately, presented with a lower level of perceived stress in the highest quartile of
FV intake in comparison to the lowest. Compared to younger people, older
individuals (≥65 years) tended to have a higher average consumption of FV, and
their average stress levels were lower across FV quartiles. Data from the Australian
Health Survey on the consumption of food groups from the Australian Dietary
Guidelines (2011-12) (52) revealed that older adults (65-74 years) were 8.3% more
likely to meet the recommendations of FV than younger people (18-24 years, 3.6%)
(52). Evidence from the literature also shows that perceived stress levels are lower in
older compare to younger adults (53). We can only speculate as to why relationships
between FV intake and stress differ across age groups and sex. Given that different
stressors are present across the lifespan, perhaps the nature of stressors (54) may
influence the relationship between stress and FV intake (55).
To the best of our knowledge, no previous studies have investigated the relationship
between plasma carotenoid levels (as a biomarker of FV intake) and perceived
stress. While circulating carotenoids were associated with perceived stress, this
relationship was attenuated after adjusting for age and potential confounding factors.
Of note, as plasma carotenoid levels were only assessed in 14% of the entire cohort
residing within a specific region in Australia (Queensland), these findings should be
interpreted with caution as they may not be representative of the broader Australian
population.
To our knowledge, our study includes the largest cohort to date, and is the first to
examine a population across the lifespan from early to older adulthood. These
results strengthen previous findings of an association between higher FV intake and
lower perceived stress in adults under 30 years old. This study was also the first to
investigate the relationship between biomarkers of FV intake and perceived stress,
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and the first to investigate the potential relationship between perceived stress and
longitudinal measures of FV intake, although these associations did not reach
statistical significance.
A novel and interesting finding from our study was that perceived stress was not
associated with the change in FV intake over five years, suggesting that a higher
intake of FV (perhaps via its constituents) may reduce perceived stress, rather than
higher perceived stress leading to a lower consumption of FV. Such findings are
supported by a short-term randomised controlled trial in younger individuals where
constituents of FV improved psychological wellbeing (19). Nevertheless, we could
not fully explore the true temporal nature of the relationship between FV intake and
perceived stress due to a lack of longitudinal data on perceived stress. Therefore,
future studies with longitudinal data of both stress and FV intake are needed to
clarify whether stress and intake of FV are causally related.
Overall, the results of our study suggest higher FV intake is associated with
perceived stress levels in Australian adults. If this association is shown to be causal,
public health messages focusing on increasing intake of FV could be improved to
target those with higher stress levels. However, the underlying causes of stress
should be addressed concomitantly with public policies focusing on the main social
determinants of stress. This could also lead to a greater percentage of the population
reaching the recommended intake of FV according to National and International
guidelines.
Limitations of the study
First, we cannot demonstrate causality due to the cross-sectional nature of the study.
Second, perceived stress was only assessed at baseline, so the direction of
temporality between FV intake and stress cannot be ascertained, with an alternative
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interpretation of the associations being possible. Third, for this study we did not
explore the domains or types of stressors, which is likely to vary markedly by stage
of life. Lastly, the differences in effect sizes (~10%) between quartiles of FV intake
(Q4 vs. Q1) may be considered trivial. However, our findings show promise in
comparison to trials using medications (57).
Strengths of the study
This is the largest study to date to analyse the association between FV intake and
perceived stress across the adult lifespan. Moreover, dietary intake and perceived
stress were assessed using validated questionnaires. Furthermore, we were able to
adjust for many confounding factors not included in previous studies. Future studies
could focus on the potential mechanisms for the negative association between FV
intake and perceived stress, and further explore the associations between specific
types of FV intake and perceived stress. Studies could also explore the longitudinal
impact of FV on perceived stress, so that a temporal association can be explained.
Conclusion
We found that higher FV intakes, combined and separately, were associated with
lower perceived stress in Australian adults. While these associations were
independent of confounding factors such as lifestyle factors and presence of
disease, further analysis demonstrated that the associations were most prominent in
adults between the ages of ≥45-<65 years. These findings strengthen the results of
previous studies that existing guidelines on the minimum recommended intake of FV
(400g/day) (9, 10) may be associated with less stress. However, randomised
controlled trials are needed to establish causal evidence.

19

Acknowledgements
The AusDiab study, initiated and coordinated by the International Diabetes Institute,
and subsequently coordinated by the Baker Heart and Diabetes Institute, gratefully
acknowledges the support and assistance given by:
A Allman, B Atkins, S Bennett, S Chadban, S Colagiuri, M de Courten, M Dalton, M
D’Emden, T Dwyer, D Jolley, I Kemp, P Magnus, J Mathews, D McCarty, A Meehan, K
O’Dea, P Phillips, P Popplewell, C Reid, A Stewart, R Tapp, H Taylor, T Welborn, F
Wilson and P Zimmet.
Also, for funding or logistical support, we are grateful to: The Commonwealth Dept of
Health and Aged Care, Abbott Australasia Pty Ltd, Alphapharm Pty Ltd, AstraZeneca,
Aventis Pharmaceutical, Bristol-Myers Squibb Pharmaceuticals, Eli Lilly (Aust) Pty Ltd,
GlaxoSmithKline, Janssen-Cilag (Aust) Pty Ltd, Merck Lipha s.a., Merck Sharp &
Dohme (Aust), Novartis Pharmaceutical (Aust) Pty Ltd., Novo Nordisk Pharmaceutical
Pty Ltd, Pharmacia and Upjohn Pty Ltd, Pfizer Pty Ltd, Roche Diagnostics, Sanofi
Synthelabo (Aust) Pty Ltd., Servier Laboratories (Aust) Pty Ltd, BioRad Laboratories
Pty Ltd, HITECH Pathology Pty Ltd, the Australian Kidney Foundation, Diabetes
Australia, Diabetes Australia (Northern Territory), Queensland Health, South
Australian Department of Human Services, Tasmanian Department of Health and
Human Services, Territory Health Services, Victorian Department of Human Services,
the Victorian OIS program and Health Department of Western Australia.

Statement of authorship
SRB, JRL and JMH designed the study; DJM, JES and RMD provided data for the
study. SRB, LCB, MS, NPB, RW analysed the data; SRB, LCB, MS, RLP, RMD, JRL
and JMH interpreted the results. SRB, JRL and JMH wrote the manuscript and had

20

primary responsibility for final content. SRB, LCB, MS, RLP, NPB, CPB, RW, RA, JD
(Dimmock), BJ, LC, AD, MJS, JD (Dickson), DJM, JES, RMD, JMH, JRL had
significant input, reviewed and approved the final manuscript.

Conflict of Interest Statement
CPB and JMH report grants from FruitWest, and from Department of Agriculture and
Food WA, outside the submitted work. DJM and JES report grants from Abbott
Australasia Pty Ltd, Alphapharm Pty Ltd, AstraZeneca, Bristol-Myers Squibb, Eli Lilly
Australia, GlaxoSmithKline, Janssen-Cilag, Merck Sharp & Dohme, Novartis
Pharmaceuticals, Novo Nordisk Pharmaceuticals, Roche Diagnostics Australia,
Sanofi Aventis and Sanofi-synthelabo, during the conduct of the study. RMD
received a Primary Growth Partnership grant via the Ministry of Primary Industries in
New Zealand with Fonterra Co-operative Group Ltd, outside the submitted work. All
other authors have no potential conflicts of interest to report.

Funding Sources
This research received no specific grant from any funding agency in the public,
commercial or not-for-profit sectors. The salary of LCB is supported by a National
Health and Medical Research Council (NHMRC) of Australia Emerging Leadership
Investigator Grant (ID: 1172987) and a National Heart Foundation of Australia PostDoctoral Research Fellowship (ID: 102498). The salary of JRL is supported by a
National Heart Foundation of Australia Future Leader Fellowship (ID: 102817). The
salary of JMH is supported by a National Health and Medical Research Council of
Australia Senior Research Fellowship (ID: 1116973). The salary of JES is supported
by a National Health and Medical Research Council Investigator Grant (ID:

21

1173952). None of the funding agencies had any role in the conduct of the study;
collection, management, analysis, or interpretation of the data; or preparation,
review, or approval of the manuscript.

22

REFERENCES
1.

Schiavone S, Colaianna M, Curtis L. Impact of early life stress on the

pathogenesis of mental disorders: relation to brain oxidative stress. Current
pharmaceutical design. 2015;21:1404-12.
2.

Casey L, Mathews R. Stress and wellbeing in Australia in 2011: a state-of-the-

nation survey. InPsych: The Bulletin of the Australian Psychological Society Ltd.
2011;33:32.
3.

Cohen S, Kamarck T, Mermelstein R. A global measure of perceived stress.

Journal of health and social behavior. 1983:385-96.
4.

Monroe S, Slavich G. Stress: Concepts, cognition, emotion, and behavior.

2016.
5.

Lazarus RS, Folkman S. Coping and adaptation. The handbook of behavioral

medicine. 1984;282325.
6.

Marx W, Moseley G, Berk M, Jacka F. Nutritional psychiatry: the present state

of the evidence. Proceedings of the Nutrition Society. 2017;76:427-36.
7.

Jacka FN, O’Neil A, Opie R, Itsiopoulos C, Cotton S, Mohebbi M, Castle D,

Dash S, Mihalopoulos C, Chatterton ML. A randomised controlled trial of dietary
improvement for adults with major depression (the ‘SMILES’trial). BMC medicine.
2017;15:23.
8.

Saghafian F, Malmir H, Saneei P, Milajerdi A, Larijani B, Esmaillzadeh A. Fruit

and vegetable consumption and risk of depression: accumulative evidence from an
updated systematic review and meta-analysis of epidemiological studies. British
Journal of Nutrition. 2018;119:1087-101.
9.

WHO. World Health Organization: European food and nutrition action plan

2015–2020; 2014.
10.

WHO. Fruit, vegetables and NCD disease prevention. Geneva: World Health

Organization; [cited 2013 Jun 27]. 2003.
11.

Aune D, Giovannucci E, Boffetta P, Fadnes LT, Keum N, Norat T, Greenwood

DC, Riboli E, Vatten LJ, Tonstad S. Fruit and vegetable intake and the risk of
cardiovascular disease, total cancer and all-cause mortality—a systematic review
and dose-response meta-analysis of prospective studies. International journal of
epidemiology. 2017;46:1029-56.

23

12.

Dhandevi P, Jeewon R. Fruit and vegetable intake: Benefits and progress of

nutrition education interventions-narrative review article. Iranian journal of public
health. 2015;44:1309.
13.

Godos J, Currenti W, Angelino D, Mena P, Castellano S, Caraci F, Galvano F,

Del Rio D, Ferri R, Grosso G. Diet and mental health: Review of the recent updates
on molecular mechanisms. Antioxidants. 2020;9:346.
14.

McMartin SE, Jacka FN, Colman I. The association between fruit and

vegetable consumption and mental health disorders: evidence from five waves of a
national survey of Canadians. Preventive medicine. 2013;56:225-30.
15.

Alissa EM, Ferns GA. Dietary fruits and vegetables and cardiovascular

diseases risk. Critical reviews in food science and nutrition. 2017;57:1950-62.
16.

Miller HE, Rigelhof F, Marquart L, Prakash A, Kanter M. Antioxidant content of

whole grain breakfast cereals, fruits and vegetables. Journal of the American College
of Nutrition. 2000;19:312S-9S.
17.

Wallace TC, Bailey RL, Blumberg JB, Burton-Freeman B, Chen CO, Crowe-

White KM, Drewnowski A, Hooshmand S, Johnson E, Lewis R. Fruits, vegetables,
and health: A comprehensive narrative, umbrella review of the science and
recommendations for enhanced public policy to improve intake. Critical reviews in
food science and nutrition. 2019:1-38.
18.

Ruusunen A, Lehto SM, Mursu J, Tolmunen T, Tuomainen T-P, Kauhanen J,

Voutilainen S. Dietary patterns are associated with the prevalence of elevated
depressive symptoms and the risk of getting a hospital discharge diagnosis of
depression in middle-aged or older Finnish men. Journal of affective disorders.
2014;159:1-6.
19.

Conner TS, Brookie KL, Carr AC, Mainvil LA, Vissers MC. Let them eat fruit!

The effect of fruit and vegetable consumption on psychological well-being in young
adults: A randomized controlled trial. PloS one. 2017;12:e0171206.
20.

Mikolajczyk RT, El Ansari W, Maxwell AE. Food consumption frequency and

perceived stress and depressive symptoms among students in three European
countries. Nutrition Journal. 2009;8:31.
21.

El Ansari W, Adetunji H, Oskrochi R. Food and mental health: relationship

between food and perceived stress and depressive symptoms among university
students in the United Kingdom. Central European Journal of Public Health.
2014;22:90-7.

24

22.

El Ansari W, Berg-Beckhoff G. Nutritional correlates of perceived stress

among University Students in Egypt. International journal of environmental research
and public health. 2015;12:14164-76.
23.

Liu C, Xie B, Chou C-P, Koprowski C, Zhou D, Palmer P, Sun P, Guo Q,

Duan L, Sun X. Perceived stress, depression and food consumption frequency in the
college students of China Seven Cities. Physiology & behavior. 2007;92:748-54.
24.

Dunstan DW, Zimmet PZ, Welborn TA, Cameron AJ, Shaw J, de Courten M,

Jolley D, McCarty DJ. The Australian Diabetes, Obesity and Lifestyle Study
(AusDiab)—methods and response rates. Diabetes Research and Clinical Practice.
2002;57:119-29.
25.

Serra‐Majem L, Nissensohn M. Beverage Consumption Habits around the

World: Association with Total Water and Energy Intakes: MDPI; 2018.
26.

Levenstein S, Prantera C, Varvo V, Scribano ML, Berto E, Luzi C, Andreoli A.

Development of the Perceived Stress Questionnaire: a new tool for psychosomatic
research. Journal of psychosomatic research. 1993;37:19-32.
27.

Ireland P, Jolley D, Giles G, O’Dea K, Powles J, Rutishauser I, Wahlqvist ML,

Williams J. Development of the Melbourne FFQ: a food frequency questionnaire for
use in an Australian prospective study involving an ethnically diverse cohort. Asia
Pac J Clin Nutr. 1994;3:19-31.
28.

Talwar D, Ha TK, Cooney J, Brownlee C, St JO'Reilly D. A routine method for

the simultaneous measurement of retinol, α-tocopherol and five carotenoids in
human plasma by reverse phase HPLC. Clinica Chimica Acta. 1998;270:85-100.
29.

Coyne T, Ibiebele TI, Baade PD, Dobson A, McClintock C, Dunn S, Leonard

D, Shaw J. Diabetes mellitus and serum carotenoids: findings of a population-based
study in Queensland, Australia–. The American journal of clinical nutrition.
2005;82:685-93.
30.

Dalton M, Cameron AJ, Zimmet PZ, Shaw JE, Jolley D, Dunstan DW,

Welborn TA, Committee AS. Waist circumference, waist–hip ratio and body mass
index and their correlation with cardiovascular disease risk factors in Australian
adults. Journal of internal medicine. 2003;254:555-63.
31.

ELM Barr DM, PZ Zimmet, KR Polkinghorne, RC Atkins, DW Dunstan, SG

Murray, JE Shaw. AusDiab 2005: The Australian Diabetes, Obesity and Lifestyle
Study - Tracking the Accelerating Epidemic: Its Causes and Outcomes. 2006 [cited;

25

Available from:
https://www.baker.edu.au/Assets/Files/AUSDIAB_REPORT_2005.pdf
32.

Backholer K, Spencer E, Gearon E, Magliano DJ, McNaughton SA, Shaw JE,

Peeters A. The association between socio-economic position and diet quality in
Australian adults. Public Health Nutrition. 2015;19:477-85.
33.

Cameron AJ, Zimmet PZ, Dunstan DW, Dalton M, Shaw JE, Welborn TA,

Owen N, Salmon J, Jolley D. Overweight and obesity in Australia: the 1999–2000
Australian diabetes, obesity and lifestyle study (AusDiab). Medical journal of
Australia. 2003;178:427-32.
34.

Diabetes A, Dunstan DW. Diabesity & Associated Disorders in Australia-2000:

The Accelerating Epidemic: International Diabetes Institute; 2001.
35.

Dunstan DW, Zimmet PZ, Welborn TA, Cameron AJ, Shaw J, De Courten M,

Jolley D, McCarty DJ, Committee AS. The Australian diabetes, obesity and lifestyle
study (AusDiab)—methods and response rates. Diabetes research and clinical
practice. 2002;57:119-29.
36.

StataCorp L. Stata statistical software (version release 14). College Station,

TX: Author. 2015.
37.

Fox J. Effect displays in R for generalised linear models. Journal of statistical

software. 2003;8:1-27.
38.

Team RC. R: A language and environment for statistical computing. 2013.

39.

Głąbska D, Guzek D, Groele B, Gutkowska K. Fruit and Vegetable Intake and

Mental Health in Adults: A Systematic Review. Nutrients. 2020;12:115.
40.

Mei-Wei C, Tan A, Schaffir J. Relationships between stress, demographics

and dietary intake behaviours among low-income pregnant women with overweight
or obesity. Public health nutrition. 2019;22:1066-74.
41.

Cohen S, Janicki‐Deverts D. Who's Stressed? Distributions of Psychological

Stress in the United States in Probability Samples from 1983, 2006, and 2009 1.
Journal of applied social psychology. 2012;42:1320-34.
42.

Stone AA, Schwartz JE, Broderick JE, Deaton A. A snapshot of the age

distribution of psychological well-being in the United States. Proceedings of the
National Academy of Sciences. 2010;107:9985-90.
43.

Diehl M, Hay EL. Risk and resilience factors in coping with daily stress in

adulthood: The role of age, self-concept incoherence, and personal control.
Developmental psychology. 2010;46:1132.

26

44.

Scott SB, Jackson BR, Bergeman C. What contributes to perceived stress in

later life? A recursive partitioning approach. Psychology and aging. 2011;26:830.
45.

Aldwin CM. Does age affect the stress and coping process? Implications of

age differences in perceived control. Journal of gerontology. 1991;46:P174-P80.
46.

Rooney C, McKinley M, Appleton K, Young I, McGrath A, Draffin C, Hamill L,

Woodside J. How much is ‘5‐a‐day’? A qualitative investigation into consumer
understanding of fruit and vegetable intake guidelines. Journal of Human Nutrition
and Dietetics. 2017;30:105-13.
47.

Palta P, Samuel LJ, Miller III ER, Szanton SL. Depression and oxidative

stress: results from a meta-analysis of observational studies. Psychosomatic
medicine. 2014;76:12.
48.

Salim S. Oxidative stress and psychological disorders. Current

neuropharmacology. 2014;12:140-7.
49.

Rooney C, McKinley MC, Woodside JV. The potential role of fruit and

vegetables in aspects of psychological well-being: a review of the literature and
future directions. Proceedings of the Nutrition Society. 2013;72:420-32.
50.

Johnson EJ. The role of carotenoids in human health. Nutrition in clinical care.

2002;5:56-65.
51.

Blekkenhorst L, Sim M, Bondonno C, Bondonno N, Ward N, Prince R, Devine

A, Lewis J, Hodgson J. Cardiovascular health benefits of specific vegetable types: A
narrative review. Nutrients. 2018;10:595.
52.

AHS. 4364.0.55.001 - National Health Survey: First Results, 2017-18: Fruit

and Vegetable Consumption. In: Australian Bureau of Statistics CoA, editor.; 201718.
53.

Osmanovic-Thunström A, Mossello E, Åkerstedt T, Fratiglioni L, Wang H-X.

Do levels of perceived stress increase with increasing age after age 65? A
population-based study. Age and ageing. 2015;44:828-34.
54.

Sims R, Gordon S, Garcia W, Clark E, Monye D, Callender C, Campbell A.

Perceived stress and eating behaviors in a community-based sample of African
Americans. Eating behaviors. 2008;9:137-42.
55.

Singh M. Mood, food, and obesity. Frontiers in psychology. 2014;5:925.

56.

Marhuenda-Muñoz M, Hurtado-Barroso S, Tresserra-Rimbau A, Lamuela-

Raventós RM. A review of factors that affect carotenoid concentrations in human

27

plasma: Differences between Mediterranean and Northern diets. European journal of
clinical nutrition. 2019;72:18-25.
57.

Bergdahl J, Bergdahl M. Perceived stress in adults: prevalence and

association of depression, anxiety and medication in a Swedish population. Stress
and Health: Journal of the International Society for the Investigation of Stress.
2002;18:235-41.

28

Figure Legends
Figure 1. Participants flow diagram.
Figure 2. Illustration of the multivariable-adjusted relationship of: a) Fruit and
vegetable intake (g/day); b) Fruit intake (g/day); and c) Vegetable intake (g/day) with
perceived stress (n=8,689) obtained by general linear models with the exposure
included as a restricted cubic spline. Blue shading represents 95% confidence
intervals. The rug plot along the bottom of each graph depicts each observation. All
analyses were adjusted for age, sex, BMI (body mass index), energy intake,
relationship status, physical activity, level of education, SEIFA (Socio-economical
index for areas), smoking status, diabetes and prevalence of cardiovascular disease.
Perceived stress is given as an index, ranging from 0 to 1 (lowest to highest). Pvalues for the test of non-linearity were obtained using likelihood ratio tests to
compare appropriate nested models.
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Figure 1
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Figure 2
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TABLES
Table 1. Baseline demographic characteristics of Australian women and men by quartiles of FV intake
Quartiles of fruit and vegetable intake
Total cohort

Q1 (0-243 g/d)

Q2 (244-344 g/d)

Q3 (344-473 g/d)

Q4 (≥473 g/d)

n=8,689

n=2,173

n=2,173

n=2,171

n=2,172

Sex (women), n (%)

4,755 (49.8)

1,195 (50.1)

1,190 (49.2)

1,250 (52.8)

1,120 (46.9)

Age (years)

47.4 ± 14.1

44.7 ± 13.4

46.1 ± 14.3

49.5 ± 16.1

49.8 ± 15.4

BMI (kg/m2)

26.5 ± 4.7

26.1 ± 4.6

26.5 ± 4.6

26.7 ± 4.8

26.7 ± 5.0

Sedentary

1,471 (15.4)

482 (19.2)

388 (14.5)

300 (13.8)

301 (13.5)

Insufficient (<150min/w)

2,683 (32.1)

734 (36.2)

674 (34.2)

682 (29.4)

593 (28.1)

Sufficient (≥150min/w)

4,535 (52.4)

956 (44.6)

1,112 (51.3)

1,189 (56.8)

1,278 (58.4)

Married

6,299 (72.6)

1,459 (68.1)

1,591 (73.5)

1,618 (75.0)

1,631 (74.2)

De facto

421 (4.7)

130 (5.3)

114 (5.7)

99 (4.3)

78 (3.4)

Separated

219 (2.4)

73 (2.9)

46 (2.0)

54 (2.5)

46 (2.1)

Clinical

Physical activity, n (%)

Relationship status, n (%)
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Divorced

518 (4.9)

154 (5.6)

135 (5.3)

104 (3.9)

125 (4.9)

Widowed

514 (5.1)

116 (4.7)

121 (3.6)

137 (6.1)

140 (5.9)

Single

718 (10.3)

240 (13.4)

167 (9.8)

159 (8.1)

152 (9.5)

1,024 ± 87

1,018 ± 91

1,026 ± 86

1,033 ± 82

1,022 ± 87

Never to some high school

3,454 (35.6)

878 (34.4)

869 (36.3)

885 (35.8)

822 (36.2)

Completed university or equivalent

5,235 (64.4)

1,294 (65.6)

1,305 (63.7)

1,286 (64.2)

1,350 (63.8)

Current

1,375 (16.9)

514 (25.3)

384 (18.2)

282 (12.1)

195 (10.5)

Ex-smoker

2,527 (25.4)

551 (21.9)

630 (24.8)

676 (28.3)

670 (27.0)

Non-smoker

4,787 (57.7)

1,107 (52.8)

1,160 (57.0)

1,213 (59.5)

1,307 (62.5)

666 (6.3)

132 (4.8)

153 (5.2)

180 (7.6)

201 (7.9)

Known Diabetes

257 (2.4)

42 (1.4)

63 (2.1)

76 (3.3)

76 (3.0)

Impaired fasting glucose

507 (5.7)

118 (5.1)

130 (6.0)

127 (6.0)

132 (6.0)

1032 (10.0)

248 (9.6)

247 (10.8)

280 (10.0)

257 (9.9)

SEIFA
Level of education, n (%)

Smoking status, n (%)

Prevalence of CVD, yes, n (%)
Prevalence of Diabetes, n (%)

Impaired glucose tolerance
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359 (3.5)

84 (3.8)

89 (2.9)

79 (3.4)

107 (4.0)

6534 (78.3)

1680 (80.1)

1645 (78.2)

1609 (77.3)

1600 (77.3)

Energy intake (kcal/day)

2,100 ± 786

1,897 ± 689

2,042 ± 750

2,122 ± 777

2,370 ± 849

Fat (g/day)

81.8 ± 36.9

79.9 ± 34.5

80.9 ± 36.1

81.4 ± 36.8

87.4 ± 39.9

Protein (g/day)

95.5 ± 40.0

85.6 ± 37.4

92.0 ± 35.3

96.1 ± 37.4

109.8 ± 45.4

Carbohydrates (g/day)

220.4 ± 82.1

186.7 ± 64.6

209.3 ± 74.2

226.7 ± 78.7

264.4 ± 91.0

Starch (g/day)

125.9 ± 52.7

110.5 ± 44.7

124.0 ± 51.8

127.6 ± 51.4

143.6 ± 57.9

Sugar (g/day)

93.6 ± 39.2

75.8 ± 30.4

84.6 ± 32.1

98.0 ± 37.2

118.9 ± 43.2

Fibre (g/day)

23.0 ± 9.0

16.3 ± 5.7

21.0 ± 6.5

24.3 ± 7.1

31.3 ± 9.3

n=1,187

n=303

n=282

n=284

n=318

α-carotene (mmol/L)

0.17 ± 0.19

0.12 ± 0.10

0.15 ± 0.22

0.18 ± 0.16

0.22 ± 0.22

β-carotene (mmol/L)

0.68 ± 0.61

0.53 ± 0.43

0.61 ± 0.59

0.70 ± 0.57

0.86 ± 0.75

Lutein (mmol/L)

0.44 ± 0.25

0.38 ± 0.21

0.43 ± 0.21

0.44 ± 0.24

0.51 ± 0.31

β-cryptoxanthin (mmol/L)

0.28 ± 0.32

0.18 ± 0.15

0.24 ± 0.40

0.29 ± 0.26

0.39 ± 0.35

Lycopene (mmol/L)

0.57 ± 0.37

0.58 ± 0.37

0.56 ± 0.37

0.57 ± 0.40

0.57 ± 0.34

New Diabetes
Normal glucose levels
Macronutrients

Serum carotenoid levels (mmol/L)
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Values are shown as means ± SD, unless otherwise specified. Estimated using two-way table of association for survey data for
categorical variables and estimate means for survey data for continuous variables. BMI, Body Mass Index; CVD, Cardiovascular
Disease; SEIFA, Socio-Economical Index For Areas.
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Table 2. Cross-sectional relationship of perceived stress by quartiles of fruit and vegetable intake among Australian women and
men
Quartiles of fruit and vegetable intake
Q1 (n=2,172)

Q2 (n=2,174)

Q3 (n=2,171)

Q4 (n=2,172)

Unadjusted1

0.31 ± 0.003

0.29 ± 0.007#

0.27 ± 0.008**

0.27 ± 0.006**

Multivariable adjusted2

0.30 ± 0.004

0.29 ± 0.006

0.28 ± 0.005*

0.27 ± 0.008*

Quartiles of fruit intake
Q1 (n=2,173)

Q2 (n=2,173)

Q3 (n=2,171)

Q4 (n=2,172)

Unadjusted1

0.31 ± 0.005

0.28 ± 0.006#

0.27 ± 0.009**

0.27 ± 0.005**

Multivariable adjusted2

0.30 ± 0.005

0.28 ± 0.006*

0.28 ± 0.008#

0.28 ± 0.007*

Quartiles of vegetable intake
Q1 (n=2,174)

Q2 (n=2,173)

Q3 (n=2,170)

Q4 (n=2,172)

Unadjusted1

0.30 ± 0.004

0.29 ± 0.004#

0.28 ± 0.008**

0.27 ± 0.006**

Multivariable adjusted2

0.29 ± 0.004

0.29 ± 0.004

0.28 ± 0.007

0.27 ± 0.005*

Values are shown as means ± SE. Estimated using survey command for linear regression with the FV quartiles as the exposure
variable of interest in the unadjusted1 and adjusted2 models [confounding factors included age, sex, BMI (body mass index), energy
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intake, relationship status, physical activity, level of education, SEIFA (Socio-economical index for areas), smoking status, diabetes
and prevalence of cardiovascular disease]. Perceived stress is given as an index (PSQ index), ranging from 0 to 1 (lowest to
highest). Significantly different from Q1: **p<0.001, *p<0.01, #p<0.05.

